Experiments on the metabolism and excretion of i.v. administered selectively labeled [3H8]1eukotriene C4 in bile duct-cannulated guinea pigs indicated predominantly biliary excretion of tritium. The major leukotriene metabolite in bile was identified as leukotriene D4. By monitoring leukotriene excretion radioimmunochromatographically, it was shown that guinea pigs suffering from anaphylactic shock produce leukotriene D4 endogenously. Immunological challenge of animals sensitized to ovalbumin was accompahied by an increase of biliary leukotriene D4 concentrations from 10 ± 1 to 86 ± 10 nM (mean ± SEM, n = 5, P < 0.001). When considering that bile flow was decreased to abobt half after challenge, the excretion rate of leukotriene D4 in bile increased from 0.88 ± 0.16 before to 3.18 ± 0.38 pmolmin-'-kg-' after challenge (mean ± SEM, n = 5, P < 0.002). It is concluded that systemic anaphylaxis in the guinea pig is associated with endogenous generation of leukotriene C4 (Up to 1 nmol/kg during a 30-min period after the challenge).
Leukotriene C4 (LTC4) is a biologically active substance presumed to play major roles as a mediator of allergic and anaphylactic reactions (1, 2) . It is formed by basophilic (3) and eosinophilic leukocytes (4), monocytes (5), macrophages (6) , and mast cells (7) . In cells having IgE receptors, bridging of these receptors by divalent anti-IgE receptor antibodies or by interaction between receptor-bound IgE and anti-IgE will induce LTC4 formation (5) (6) (7) . Leukotriene formation has also been demonstrated in other in vitro models of immediate hypersensitivity (8) (9) (10) .
The biological actions of LTC4 comprise induction of airway obstruction, constriction of coronary arteries, hypotension, and plasma extravasation (11) (12) (13) (14) . Leukotriene formation in vivo may mediate anaphylactic shock symptoms and cause the death of an animal. To prove the presumed mediator role of this substance in anaphylactic reactions, it is necessary to demonstrate its endogenous formation during anaphylaxis. Studies on LTC4 metabolism have revealed rapid catabolism by various transformations of the peptide substituent (15) . Three metabolites have been demonstrated to be excreted as end-products: leukotriene E4 (LTE4) (16) in man and N-acetyl-LTE4 plus N-acetyl-11-trans-LTE4 (17) in the rat. By monitoring biliary N-acetyl-LTE4 levels, endogenous leukotriene formation in the rat was demonstrated in vivo after tissue trauma and endotoxin shock (18, 19) . We now wish to report evidence for endogenous LTC4 production during anaphylactic shock in guinea pigs.
MATERIALS AND METHODS Materials. The selectively labeled LTC4 [5, 6, 8, 9, 11, 12, 14, 15 -3H8]LTC4 (specific activity: 10 Ci/mmol; 0.37 TBq/mmol; 1 Ci = 37 GBq) was prepared as described (17, 20) . [14,15-3H(n) ]LTD4 (leukotriene D4) (48 Ci/mmol) was from Amersham. A radioimmunoassay for LTC4, including [14,15-3H(n) ]LTC4 (39 Ci/mmol), was from New England Nuclear. Synthetic LTC4, LTD4, and LTE4 were kindly provided by J. Rokach of Merck Frosst Labs (Pointe Claire, PQ, Canada).
N-acetyl-LTE4 and leukotriene F4 were prepared from LTE4 as described (17, 21 (1 AQCi) dissolved in 0.4 ml of 0.9% saline/ethanol, 98:2 (vol/ vol), was injected into the heart or the vena cava inferior. Bile was collected for 5 hr in ice-cold methanol/water, 9:1 (vol/vol), containing 1 mM HTMP and 0.5 mM EDTA (pH 7.4). Methanol was added to 80% (vol/vol), and 0.1-ml aliquots were removed for radioactivity determination. The remainder was centrifuged and analyzed by reverse phase (RP)-HPLC (see below).
For analyses of leukotriene formation during shock, guinea pigs we're sensitized 14-16 days before antigen challenge by (i) (20) . One volume of methanol/acetic acid, 9:1 (vol/vol), was added; the mixture was evaporated, redissolved in methanol/water, 3:7 (vol/vol), and subjected to RP-HPLC. Fractions were analyzed by radioimmunoassay as described above. 36 and 49% was excreted after 30 min, 43 and 57% was excreted after 60 min, and 55 and 66% was secreted after 5 hr. In one animal, urine contained 7%, liver contained 1.8%, kidney contained 0.6%, lung contained 0.05%, heart contained 0.03%, and spleen contained 0.02% of the administered radioactivity 5 hr after administration.
RESULTS
RP-HPLC analyses of bile indicated extensive conversion of LTC4 to predominantly LTD4 (Fig. 1 Upper) . Subsequently, the relative amount of LTD4 decreased, whereas that of polar metabolites (retention times, 2-7 min) increased (Fig. 1 (Fig. 2) . After 30 min, the polar metabolites constituted 42%, LTD4 was 33%, LTE4 was 16%, and LTC4 was 7.5% of the radioactivity; and, after 2 hr, 70% of the excreted material was due to polar metabolites (Fig. 2) . Fig.  3 shows the cumulative excreted amount of each radioactive component in bile vs. time. After 15 min about half of the finally excreted radioactivity had been eliminated: 15% of the injected dose was LTD4, 9% was polar metabolites, 6% was LTC4, and 1% was LTE4. The corresponding values after 30 min were 18% for LTD4, 12% for polar metabolites, 7% for LTC4, and 2.4% for LTE4; and after 3 hr values were 20% for LTD4, 19% for polar metabolites, 8.5% for LTC4, and 4.2% for LTE4 (Fig. 3) .
Endogenous Generation of LTD4 During Anaphylactic Shock. Analyses of biliary cysteine-containing leukotrienes during anaphylactic shock were performed by RP-HPLC/ radioimmunoassay in five experiments ( Table 1) . As reported for the rat (18) , bile duct surgery was accompanied by appearance of endogenous cysteine-containing leukotrienes in guinea pig bile. The prechallenge levels of LTD4 (Table 2) were 12 ± 2 nM in bile duct cannulated (experiments 1-111, mean ± SEM) compared to 8.5 ± 0.5 nM in anastomosis animals (experiments IV-V, P < 0.2). These values were sufficiently low not to interfere with the determination of biliary LTD4 after anaphylactic challenge ( Table 2 ). This resulted in shock and subsequently death of the animal. Guinea ovalbumin dose were not included in the investigation. Bile samples were collected during the entire survival period after antigen challenge and for at least 30 min before challenge. The prechallenge bile samples provided control levels of leukotrienes for each animal.
Bile samples from experiment I (Table 1) were subjected to RP-HPLC, and all fractions collected were analyzed by radioimmunoassay (Fig. 4 ). An analysis of prechallenge bile (Bottom) shows only low and evenly distributed immunoreactivity. Fig. 3 and the analyses of endogenous biliary leukotrienes in the three experiments described above indicated that LTD4 was the major LTC4 metabolite in guinea pig bile, radioimmunological analyses of bile samples in two subsequent experiments focused only on the LTD4 /il min-1'kg-l after antigen challenge (mean ± SEM, n = 5, P < 0.01, Fig. SA) , and the LTD4 excretion rate rose 3.6-fold from 0.88 ± 0.16 before to 3.18 ± 0.38 pmol min-1 kg-l after antigen challenge (mean ± SEM, n = 5, P < 0.002, Fig. SC (25) , guinea pig (20) , and rat (17-19, 26, 27) ] as well as in bile duct-cannulated monkey (28), whereas urinary excretion was more prominent than fecal 60 excretion in man (16) . LTC4 metabolism in the guinea pig was investigated with the aim of identifying suitable metabolites for analyzing leukotriene formation during anaphylaxis. Animals were 40 pretreated with dexamethasone to prevent leukotriene formation in response to the surgical manipulations by inhibiting precursor fatty acid release. This improved the experimental 20 situation markedly. The structures of two fecal LTC4 metab-20 olites in the rat have been found to be N-acetyl-LTE4 and N-acetyl-11-trans-LTE4 (17) . LTE4 was identified as a urinary LTC4 metabolite in man (16) and a biliary metabolite in 6 the monkey (28) . The present results demonstrated that LTD4 E E is a major biliary LTC4 metabolite in the guinea pig. 
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Proc. Natl. Acad. Sci. USA 84 (1987) 0 anaphylaxis (11) (12) (13) (14) . It has also been documented that inhibitors of leukotriene formation can prevent several anaphylactic responses (29) (30) (31) 
